In all models for impulsive solar x-ray bursts the observed
x-ray flux is partly duo to x-rays emitted directly toward the Earth and partly due to the reflection of x-rays emitted toward the photosphere. In models where the x-rays are produced by a beam of electrons directed toward the photosphere (see Petrosian,1973 , paper I, and the accompanying paper III), the bulk of the x-rays (especially at high energies) are emitted toward the photosphere and the contribution of the reflected x-rays to the observed flux becomes significant.
The general problem of the x-ray albedo of stellar atmospheres and its application r x-ray binaries (treated in an approximate analytic manner by Basko, et a1 ) 1974) will be discussed elsewhere.
In this paper we present the expected characteristics (spectrum, angular distribution and polarization) of the reflected and total (direct plus reflected) x-ray flux from the model described in the accompanying paper. The Monte Carlo procedure used in the calculation of the reflected x-rays is described in section II. Our results and their comparison with previous results (Tomblin, 1972; Santangelo et al, 1973; Henoux, 1975; Felsteiner and Opher, 1976) are presented in section III. In section IV we summarize the ,results and comment on their comparison with the observations of the variation of the properties of impulsive x-ray properties with solar longitude.
II. X-ray Albedo of the Solar Photosphere
The problem of diffuse reflection of x-rays from the photosphere is treated by using a Monte Carlo technique where the changes in the
At the column density N ,.. 10^5 em -2 where the photons undergo most of their scattering the density scale height is much smaller than the solar radius so the semi-infinite plane parallel atmosphere approximation will be used, and therefore the x and y coordinates of the photon need not enter into the problem (cf., however, the discussion at the end of this section). To further simplify the problem it is assumed that the radiation pattern of the x-ray source has azimuthal symmetry. This amounts to assuming that the magnetic field lines (about which the electrons producing the x-rays spiral, cf. paper III) are radial, this removes any dependence on the azimuthal angle of the direction of observation. and yi relative to the fixed axes described above (for incident photons i = 0 ) N0 = 0).
We first calculate the column density, 
The value of * is set by generating yet another random number ) R Pu V between zero and one. If R > PU PL , then y is chosen randomly 4 between zero and 2:r; otherwise W is given by (11) .
The values of the angles Vi, e i ; cpi (relative to the fixed coordinates) after each scattering are kept track of by using a rotation matrix R(^i) e i) cP^) which is the ordinary rotation matrix for Euler angles y i p e i) cp i (see e.g. ) Mathews and Walker, 1970) 
The geometry of the system is shown in figure 1.
When a photon scatters the momentum vector It i+1 and polarization vector ci+1 are given by (14) The Euler angles of the scattered photon relative to the fixed xyz coordinate system, (yi+1'1^1+1'^i+1)i are then obtained from
The Generation of the Incident Photons. The incident photons are generated uniformly in the chosen energy band, uniformly in cose 0 within the cone subtended by the photosphere at the x-ray production site, and uniformly in y0 in the range 0 to 2a. Each photon is assigned a statistical weight equal to the photon number flux in direction 80 at energy It in the incident beam W0 = J(k0 ) D(k0 ,9 0 )/k0 (16) where k0 is the initial photon energy, J is the integrated flux and D is the directivity (see paper III for the definition of J and D and their form for the model of solar x-ray flares under consideration).
This weight is carried with the photon and is used to increment the proper bins in the histograms when the photon escapes. 
A photon escaping after the nth scatterings R4ni0h"Pn)' must be referred back to flare coordinates
The properties of each escaping photon are recorded in the proper histogram bins using the final direction, 'Y, polarixntion, y, and energy, k (. the symmetry of the incident flux assures that there is no dependence).
III. RESULTS

A. Comparison with Previous Work
Before presenting the speetrum^ directivity and polarization of the total ( reflected plus direct) flux for the model of impulsive solar x-ray bursts described in paper III, we can test the Monte Carlo procedure and evaluate its accuracy through comparisons with earlier work.
The problem of scattering from an atmosphere of electrons has been treated previously by several authors using both the classical and relativistic cross sections. Our results can therefore be compared to exact results from the theory of radiation transfer ) approximate analytic solutions tothe problem of a Compton scattering atmosphere and to previous Monte Carlo solutions, 9 Chandrasekhar (1960) found the directional and polarization properties of the radiation diffusely reflected by a plane parallel atmosphere of perfect Rayleigh (dipole) scatterers. Abhyanlcar and P'ymat (1971) have extended this calculntion to include scatterers with single scattering albedo ^i10 = 0.99.
We have found that with a few thousand photons the Monte Carlo procedure gives results in good agreement with the analytic solutions.
An example is shown in figure 2 where we plot the directivity and We find an albedo consistent with Felsteiner and Opher and significantly less than Basko et al which is due to their lower iron abundance.
The problem of the radiation diffusely reflected by a Compton scattering atmosphere from a model spectrum (as opposed to a monochromatic line) has been treated by Tomblin (1972) , Santangelo et al (1973) , Henoux (1975) and Felsteiner and Opher (1976) Our model shows that a larger change in the spectral index occurs at 100 keV for harder flares than for softer ones ) although experimentally the determination of a break for softer flares would be more difficult.
In Table I we present results front least square fits of the spectra to two power laws ) one for photon energies between 20 and 100 keV and another for photon energies greater than 100 Ice V. The residual variance is much less for the two power law fit than for a single power law fit across the entire energy range. Using the F-test it is possible to test the hypothesis that the data is actually a sample from a single power law with statistical fluctuations and that the reduction in variance with the two power law fit is due simply to the increase in the number of free parameters in the fit. The results show that for noneof the -12 I curves can the achieved reduction be expected more than 15% of the time on a statistical basis. Taken as a whole this strongly indicates, but by no means proves, that our model spectra are best fit by a two power law spectrum.
Sometimes such deviations of flare spectra from a single power law are interpreted as indications of a thermal bremsstrahlung of the flare '
x-rays (c.f., e.g. Elcan 1975). We have therefore fitted our model spectra to a thermal spectrum and determined the temperatures shown in Table I . The thermal spectrum provides a poorer but nevertheless acceptable fit.
We would also like to point out the systematic flattening (or hardening) of the spectrum (in 20 to 100 keV range) of harder flares show that between 20 and 100 keV the radiation is usually fairly isotropic. For example, at 20 keV the ratio of center to limb flux is 1:6 for the direct fl, --c while for the total flux, in the case of zero pitch angle and an electron energy spectrum with index 6 = 3, 4 and 5, these ratios are 1:1, 1:1.5 and 1:1.8, respectively. This structure is even more pronounced at 100 keV, and for 30 < k < 100 kev and 6 = 3 the limb flares (cosg = 0) become weaker than the center-ofdisk flares.
Above 100 keV the scattered flux makes a smaller relative contribution due to larger relative energy shifts of the scattered radiation up the steep power law spectrum. The scattered flux also makes a reduced contribution below 20 keV due to stronger absorbtion through photoionization. The result is that outside 20 to 100 keV the directivity is similar to that of the direct flux. The directivity does not depend too strongly on the pitch angle but does tend to decrease with increasing pitch angle.
iii) Polarization
The degree of polarization of the total flux is shown in figure 7 .
In general, as comparison of these curves with the curves in paper III for the degree of polarization of the direct flux shows, the scattered flux reduces the degree of polarization from that of the direct 3'lux, but the overall shape is preserved. The degree of polarization decreases both with increasing pitch angle and increasing energy but increases with increasing b, the power law index. The scattered radiation affects the degree of polarization only slightly because for cose Pj -l^ where it dominates, both the direct and scattered flux have zero polarization, while at cosO ;^d 0. where the direct flux is strongly polarized, there is little scattered flux.
iv) Albedo
The albedo of the solar atmosphere for a monochromatic incident flux is shown in figure 3 . In general, for steep spectra of incident flux, such as those occurring in solar x-ray bursts, at a given energy most of the contribution to reflected flux come from incident photons of similar and slightly higher energies with little contribution from much higher energies. Thus, in general, monochromatic albedos will be good approximation for steep power law incident flares. Because of strong directivity of the incident flux of a solar flare, albedo definitions become complicated. On table II we of the x-rays expected from the model described in paper I and the accompanying paper (paper III), we have calculated the expected properties of the total (reflected plus direct) radiation for various parameters of the model. In comparing the total flux with the direct flux (the flux in absence of reflection) we find the following:
1) The total flux is affected mainly in the 20 to 100 keV range of energies. Above 100 }:eV the contribution of the reflected radiation is small because of increasing Compton shift with energy, and there is little reflected radiation below 20 keV because of strong photo absorption at these energies.
2) Because of the above the steepening of the spectrum above 100 keV is more pronounced than that reported on paper I (and is in better agreement with observations by Frost (1969) for the direct flux).
we also note that for flares with smaller electron index 6 (i.e. harder flares)
the spectra tend to be steeper near the solar limb, cose = 0. in comparison with those at the center of the disk, cose = -1. This phenomenon disappears , as 6 increases. In some cases the curvature produced by this break could result in a spectrum (from a power law electron spectrum) resembling RFPRODUCIBIL WZ O v1r,fNAL PAGE IS V It a thermal bremsstrahlung spectrum indicating that observation of such spectra does not necessarily indicate a thermal origin of the radiation.
3) The directivity of the total flux in the 20 to 100 koV range is reduced considerably in comparison with the directivity of the direct flux. For electron spectra with index 8 = 3 the flux is isotrapic at 20 -30 keV,_ and has the opposite sense of directivity (stronger in the center than at the limb) compared to the direct flux in the 30 -110 keV range of energies. For higher values of 8 directivity is similar to that of the direct flux but the ratios of limb to center fluxes are smaller.
4)
In general, the total flux is still highly polarized but the degree of polarization is smaller than that of the direct flux.
In paper II (Petrosian 1974 ) the properties of the direct flux were compared with the statistical behavior of a sample of flares described by Datlowe, Elcan and Hudson (1974) . Two important aspects of this comparison were the absence of variation of frequency of occurrence of flares across the solar disk and steepening of the spectra toward the limb. It was shown that although for the direct flux the spectra are identical across the disk the strong directivity of the direct flux causes favorable conditions for observation of steeper spectra toward the limb. As mentioned above the directivity of the total flux is smaller or non-existent at the 20 -30 keV range. However, as mentioned in items (2) and (3) above, for values of 8 where directivity is small the spectra of the total flux tend to be steeper (or softer) on the limb, while for higher 8 where this steepening is absent the flare tend to be stronger toward the limb than at the center.
The situation here is more complicated than that of the direct « flux and the simplified analysis of paper II becomes complicated and not worth being repeated because of its simplicity. Howevery it can be shown that the above two effects tend to result in gradual steepening of the spectra toward the limb. In fact, an analysis similar to that of paper II shows that for the total flux one can define an equivalent parameter b so that the b/a8' term in paper II is about unity implying a difference in spectral index between flares at -1 < cose <and at -j < cosg < 0 of about +0.5 instead of the observed 0.7. Note also that because of the smaller value of b/a&I the expected frequency of occurrence of flares would be more uniform across the disk (once the Ha visibility factor is taken into account) than for the direct flux.
The negative polarization is in agreement with observations of Tindo et al (1971) , but because of the tentative nature of these observations not much more could be inferred from their comparison with the model. into the photon polarization vector a, and the z-axis into the momentum vector Ic. Adopted from Mathews and Walker (1970) . 
